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Abstract 
International Journal of Exercise Science 19(2): 2012, 2026. The Cooper 12-Minute Run Test (CT12) is 
widely used to estimate cardiorespiratory fitness (CRF), yet its validity in collegiate team-sport athletes remains 
uncertain. This study aimed to compare the CT12-estimated VO₂max with laboratory-measured VO₂max and 
evaluate CT12’s accuracy in classifying CRF levels. Seventy-three varsity athletes (38% women; age 21.6 ± 2.8 y; 
BMI 23.5 ± 3.3 kg/m²) completed CT12 on a 400‑m track and a ramp‑incremental treadmill test with breath-by-
breath gas analysis, 2–7 days apart in randomized order. VO₂max was classified by age/sex criteria. Agreement 
statistics included paired tests, Pearson correlation, Bland–Altman bias, and 95% limits of agreement (LOA), 95% 
confidence intervals (CI), and diagnostic indices (sensitivity, specificity, positive/negative predictive value) for 
detecting good, excellent, and superior CRF. Field (soccer/rugby) and court (futsal/handball) subgroups were 
analyzed. CT12 on average underestimated VO₂max by 6.0 mL(kg.min)-1 (p<0.001; r=0.69), with wide LOA: −19.8 
to +7.9 mL(kg.min)-1 . CT12’s sensitivity to identify good or better CRF was low (58% [95% CI 45-69%]). However, 
it demonstrated superior specificity (86% [95% CI 60-96%]) and exhibited an excellent positive predictive value of 
94% (95% CI 82-99%). Similar patterns were observed for classifications of excellent and superior CRF. We conclude 
that in collegiate team‑sport athletes, CT12 underestimates VO₂max with substantial individual error. Nevertheless, 
a positive CT12 classification (good/excellent/superior) is trustworthy due to high specificity/PPV, whereas a 
negative result warrants further evaluation. These findings endorse CT12 as a practical screening instrument for 
elevated CRF levels, rather than a replacement for laboratory VO₂max when precise measurement is essential.

Keywords: Bland-Altman, aerobic power, agreement analysis, screening, field test
Introduction

Cardiorespiratory fitness is a physical fitness component and crucial for elite athletic 
performance1–4 and is generally expressed as maximal oxygen uptake (VO2max). VO2max is 
the maximal rate at which oxygen is consumed by active muscle during exercise and reflects 
the efficiency of the integration between the respiratory, cardiovascular, and neuromuscular 
systems.5–7 VO2max plays a vital role in exercise physiology, with its evaluation being essential for 
coaches and trainers,3,8 in exercise prescription,6 physical fitness assessment,4,9 and monitoring.10
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Unfortunately, direct measurement of VO2max using gas analysis is costly, requires a specialized 
workforce, a carefully controlled laboratory setting, and is time-consuming.7,11 Therefore, this 
procedure may be logistically or financially impractical in numerous situations,11–13 thereby 
presenting barriers to its implementation in various middle and low-income countries where the 
gold-standard method is not widely available, primarily due to associated costs. 

In addition, among collegiate athletes, it is challenging to reconcile the demanding schedule of 
a student-athlete with laboratory availability, which might be utilized primarily for research 
purposes in environments with more constrained budgets. Therefore, conducting multiple 
VO2max assessments within a team-sports environment poses significant challenges concerning 
time management and financial resources. The treadmill exercise test with gas analysis, including 
necessary post-test procedures, generally requires approximately 60 minutes or more to 
complete. This constraint may impede the efficient evaluation of physical fitness when multiple 
athletes need to be tested within a limited timeframe. Thus, valid and reliable indirect methods 
to estimate VO2max are warranted. Indirect tests should be affordable and fast, ideally allowing 
the evaluation of several people in a single day or simultaneously.7,12

Various methods have been proposed to estimate VO2max, including questionnaires,13 
submaximal and maximal exercise tests, which may be performed walking, running, in a track-
and-field setting, on a treadmill, or even biking.11,12 Often, tests use a time-trial result or the 
distance covered in an allotted time to estimate VO2max. In a recent meta-analysis, Cooper’s 
12-Minute Run Test (CT12) was considered one of the best options among the indirect tests.12 Few 
studies have examined the agreement between the CT12 and the gold standard measurement 
in adults. However, findings are usually limited to active men and women7,14,15 or recreational 
runners16 only. Sometimes results suffer from methodological limitations, e.g., comparing CT12 
to the VO2max obtained from a bicycle ergometer test rather than a running one17. We are not 
aware of such validation studies in collegiate athletes, especially from team sports.

Indirect tests may also be used to evaluate cardiorespiratory fitness (CRF) level, i.e., to 
classify one’s CRF as adequate or inadequate using the VO2max estimated by the test. Several 
organizations adopted the CT12 to evaluate CRF. The Brazilian Army, Air Force, and Navy all 
require a minimum CRF level before admission, which is evaluated using the CT12.  The Brazilian 
Federal District Military Firefighter Brigade annually evaluates the CRF of the entire Brigade 
using the CT12. More than 4000 firefighters are assessed within 2-3 months.18 Other organizations 
that use CT12 are the Fédération Internationale de Football Association (FIFA) and the Union of 
European Football Associations (UEFA), both of which require their soccer referees to maintain 
a minimum CRF level to obtain and maintain certification as a FIFA or UEFA referee. Bartha et 
al19 investigated FIFA-qualified referees and all Hungarian soccer referees. They observed that 
the higher the referee’s qualification, the better he performed in CT12, with significant differences 
across all categories, e.g., FIFA-qualified, Hungarian-elite-qualified, and Hungarian-county-
level-qualified. Despite this result, it remains unclear whether the CT12 accurately classifies CRF 
levels in other scenarios. To the best of our knowledge, no study has yet investigated CT12’s 
accuracy in discriminating between higher and lower CRF levels in team-sport athletes.

Despite each sport modality having its particularities and needs, if CT12 is shown to be valid on 
college-level athletes from different team sports, CT12 can be an attractive, low-cost, and practical 
tool for athletic trainers to classify CRF levels. Therefore, this study aimed to evaluate the validity 
of VO2max estimates from CT12 using the gold-standard gas-analysis maximal ramp-incremental 
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treadmill test in collegiate athletes. We also aimed to compare the accuracy of CRF levels derived 
from the estimated VO2max from the CT12. 

Methods

Participants
A sample size analysis was conducted using G*Power 3.1, which indicated that 68 participants 
were required (effect size = 0.7, power = 0.80, significance = 0.05, two-tailed). This effect size 
was hypothesized to represent a difference of 3.5 mL(kg.min)-1 in two groups with a coefficient 
variation of approximately 10% (e.g., group average VO2max of 50 mL(kg.min)-1 and SD of 5 
mL(kg.min)-1). We recruited slightly more participants to account for potential sample loss 
or dropouts (≈5%). This study involved collegiate athletes (n=73) who were members of the 
University’s varsity teams and had been engaged in training and competition in varsity sports for 
at least six months across various modalities: soccer (18 males), rugby (6 males and 11 females), 
futsal (12 females), and handball (21 males and 5 females). Sex was self-identified by athletes. To 
respect the similarities and differences between modalities, we also analyzed them as two sub-
groups, the field sports group (FG) - soccer and rugby - and the court sports group (CG) - futsal 
and handball. All volunteers provided written informed consent. The Human Research Ethics 
Committee of the School of Health Sciences (CEP-FS) of the University of Brasilia approved this 
study (technical statement number 2,445,992). This research was carried out entirely in accordance 
with the ethical standards of the International Journal of Exercise Science.20

Protocol
A cross-sectional study was conducted to evaluate the validity of CT12 in collegiate athletes using 
convenience, non-probabilistic sampling. Participants performed the CT12 and the maximal 
ramp-incremental treadmill test (TT) in a randomized order, with 2 to 7 days between them. 
Participants were instructed to sleep from six to eight hours before test days and to refrain from 
exercising at least 24 hours before tests; alcohol and stimulating substances such as caffeine should 
be avoided for at least 48 hours. Trials happened between 8-10 AM or 4-6 PM, according to the 
athlete’s availability. All sessions were conducted during the dry season of the city of Brasilia; 
thus, no rain or light wind was present on the testing days. Also, testing hours were chosen to 
avoid higher temperatures and lower humidity. All tests were performed at the same hour of the 
day for each subject. Participants would first go to the Exercise Physiology Laboratory to meet 
the researchers, perform anthropometric measurements (first session only), and then, randomly, 
proceed to one of the tests. 

For the Cooper’s 12-Minute Run Test (CT12), participants were instructed to complete as many 
laps as possible on an outdoor 400-meter track-and-field track during the 12-minute test duration. 
Participants performed their tests one at a time to minimize any potential bias of an athlete trying 
to catch up to a faster athlete or slowing down to be closer to a slower athlete. A member of 
the research team would blow a whistle to signal the end of the test, and participants would 
immediately stop running. The total distance covered was measured with 5-meter precision, 
and used to estimate VO2max in mL(kg.min)-1 using Cooper’s equation (VO2maxCT): VO2max = 
distance covered in meters – 504.9/44.73.21

For the Ramp-Incremental Treadmill Test (TT), oxygen uptake (VO2) was measured using 
a breath-by-breath gas analysis system (Metalyzer 3B, Cortex, Leipzig, Germany), which was 
calibrated and used according to the manufacturer’s recommendations. HR was measured using 
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a 3-lead electrocardiogram (Micromed, Brazil). Before performing a maximal ramp-incremental 
treadmill test (TT), participants would sit for 3 minutes, then stand for 1 minute, and perform 
a 3-minute warm-up at 3.0 km/h with 0% incline. The ramp-incremental treadmill test would 
then begin at 3.0-4.0 km/h with a constant 3.0% grade throughout the test. Speed was set to 
increase at a rate of 0.70-0.90 km/h per minute to ensure a test duration of 8-12 minutes.22,23 
After reaching maximal exertion (voluntary fatigue), participants performed a five-minute active 
recovery (2.4 km/h and 2.5% incline). At least three of the following four criteria had to be met 
to ensure maximal exertion: respiratory quotient ≥ 1.1, Borg rating perceived exertion > 17 (6 to 
20 points scale), no increase in HR after an increase in workload, and a visually observed VO2 
plateau despite an increase in workload.11 An experienced evaluator confirmed the presence of 
VO2 plateau (VO2max) in at least two of the final loads of the test through visual inspection of the 
VO2 per workload plot.22 

To assess Cardiorespiratory Fitness (CRF) levels, Cooper’s classification criteria were utilized 
to categorize CRF based on age and sex.24 We did not utilize sport-specific CRF classification 
criteria given that the CT12 is not tailored specifically for certain sports, and our objective was 
to evaluate its applicability in assessing large cohorts of athletes from diverse modalities and 
backgrounds. As a “screening tool,” the CT12 may prove useful in identifying individuals requiring 
sport-specific assessment, wherein such criteria would subsequently be applied. The total distance 
covered corresponding to the classifications: very weak, weak, regular, good, excellent, and superior was 
transformed into mL(kg.min)-1 using Cooper’s formula and used to evaluate CRF levels in both tests.

Statistical Analysis
Data were reported as mean ± SD. Normality was implied, considering the central limit theorem. 
25 The t-test was used to compare means due to its robustness in different types of distribution.26 
Statistical significance was considered at p<0.05 for all analyses. Estimated VO2max (VO2maxCT) 
was compared to the gold standard (VO2maxTT) using a paired Student T-test. Agreement 
between measurements was evaluated using the Bland-Altman analysis plot, Pearson’s correlation 
coefficient, and a one-sample t-test, the latter to assess whether the bias (the difference between 
VO2maxCT and VO2maxTT) was significantly different from zero. Bland and Altman’s analysis 
plot has been described thoroughly elsewhere.27,28

For the subgroup analysis (FG vs. CG), an independent T-test was performed to compare 
between-groups variables. The proportion of women in both subgroups was compared using the 
Chi-square test. Agreement between VO2maxTT and VO2maxCT was analyzed independently in 
the FG and CG using the same methods described above.

Strength of the Pearson’s correlation coefficient was interpreted as small (r ≥ 0.1 and < 0.3), 
moderate (r ≥ 0.3 and < 0.5), large (r ≥ 0.5 and < 0.7), very large (r ≥ 0.7 and < 0.9), and extremely 
large (r ≥ 0.9). Effect sizes of differences were analyzed using Cohen’s “d” and interpreted as 
small (d ≥ 0.2 and < 0.5), moderate (d ≥ 0.5 and <0.8), and large (d ≥ 0.8).29,30

We also performed three agreement analyses to compare differences between CRF classifications 
resulting from CT12 and TT test results. First, the individual VO2maxTT and VO2maxCT results 
were classified using the previously explained criteria,24 with VO2maxTT considered the referent 
method in a contingency table analysis. The three analyses had the following outcomes of 
interest: (1) athletes who possess a good CRF (classified as good, excellent, or superior CRF); (2) 
athletes who have an excellent CRF (classified as excellent or superior CRF); (3) athletes who have 
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a superior CRF (classified as superior CRF). In the contingency table, true positives (TP) were 
those that were classified by both tests (TT and CT12) as having the outcome of interest. True 
negatives (TN) were those that were classified by both tests as not having the outcome of interest. 
False positives (FPs) were those classified only by CT12 as having the outcome of interest. False 
negatives (FN) were those that were classified only by the TT as having the outcome of interest.

The following agreement indices were used to evaluate CT12’s accuracy as a tool to detect good, 
excellent and superior CRF level: 1) total agreement, the sum of the percentage of TP and TN; 2) 
sensitivity, the ratio between TP and TP+FN; 3) specificity, the ratio between TN and TN+FP; 4) 
positive predictive value, the ratio between TP and TP+FP; 5) negative predictive value, the ratio 
between TN and TN+FN. All epidemiological indices were calculated as point estimates and 95% 
confidence intervals (CIs). 

Results
Table 1 describes the  volunteers’ characteristics. The similarity of anthropometric variables, sex 
proportions, and age between field and court athletes allowed us to analyze them independently 
(FG and CG) and as a single group (Table 1). 

Table 1. Participant’s descriptive statistics.
All athletes FG CG
(n = 73) (n = 35) (n = 38) pa da

Female athletes (%) 38.4 31.4 44.7 0.24b -
Age (years) 21.6 ± 2.8 21.9 ± 3.0 21.3 ± 2.6 0.36 0.21
Height (cm) 172.3 ± 9.3 172.8 ± 8.8 171.8 ± 9.9 0.66 0.11
Body mass (kg) 70.1 ± 12.5 68.9 ± 10.6 71.2 ± 14.2 0.45 0.18
BMI (kg/m2) 23.5 ± 3.3 23.1 ± 3.3 23.9 ± 3.3 0.27 0.24
BF% 17.7 ± 10.0 16.4 ± 11.2 19.0 ± 8.6 0.27 0.26
Values are mean ± SD unless otherwise stated. FG: field sports group; CG: court sports group; BMI: body mass index, BF%: 
body fat percentage; a: Field vs. Court group, d: Effect Size of FG vs. CG (Cohen’s “d”); b: Only the percentage of females is 
shown; c: Chi-square test.

As seen in Table 2, FG and CG had similar VO2max when measured by the gold-standard 
method, the maximal ramp-incremental treadmill test with gas analysis (VO2maxTT), p=0.19, 
d=0.32. However, they presented a significantly different estimated VO2max (VO2maxCT) – 
p=0.02, d=0.58. VO2maxTT and VO2maxCT were significantly different when compared in the 
entire group as well as in the subgroups (p<0.0001, d=0.8–1.2) – Table 2. Bland and Altman’s plot 
analyses indicated that CT12 is inaccurate for both the whole group and the analyzed subgroups, 
as shown by significant bias and wide limits of agreement (Figure 1).

T able 2. VO2maxTT and VO2maxCT (mean ± SD) in the main group, field, and court subgroups and agreement 
indices.

Groups VO2maxTT 
 mL(kg.min)-1

VO2maxCT 
mL(kg.min)-1

Bias
mL(kg.min)-1

Bias 95%CI
mL(kg.min)-1 d r

All athletes (n=73) 44.9 ± 7.8 38.9 ± 9.5* -6.0# ± 6.9 4.4-7.6 0.81 0.69†

Field athletes (n=35) 46.2 ± 9.7 41.7 ± 9.7* -4.5# ± 5.9 2.5-6.5 0.99 0.82†

Court athletes (n=38) 43.8 ± 5.4 36.4 ± 8.5* -7.4# ± 7.6 4.9-9.9 1.22 0.49†

VO2maxTT: Maximal oxygen uptake measured during the ramp-incremental treadmill test; VO2maxCT: Maximum 
oxygen uptake estimated by the Cooper’s test; SD = standard deviation; CI = Confidence interval; d: Effect Size (Cohen’s 
“d”) of VO2maxTT vs VO2maxCT; * = p < 0.0001 For comparison between VO2maxTT and VO2maxCT; # = statistically 
different compared to zero (p<0.0001); r = Pearson’s correlation coefficient; † = Significant correlation (p < 0.01).
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Secondly, athletes’ cardiorespiratory fitness (CRF) levels were evaluated by classifying the 
VO2max obtained from both tests (Table 3). Afterward, epidemiological indices were used to 
assess the agreement between the CRF level provided by the CT12 and the TT results (Table 4). 
CT12 showed low sensitivity (26-58%), high specificity (86-98%), and excellent positive predictive 
value (86-94%) for detecting a good, excellent, or superior CRF. These findings were similar when 
subgroups were analyzed separately (data not shown).

Table 3. Absolute and relative frequency of cardiorespiratory fitness classification according to the test performed 
(n=73).
Test Very weak Weak Regular Good Excellent Superior
TT 0 (0.0%) 2 (2.7%) 12 (16.4%) 20 (27.4%) 16 (21.9%) 23 (31.5%)
CT12 9 (12.3%) 10 (13.7%) 18 (24.7%) 21 (28.8%) 8 (11.0%) 7 (9.6%)
Values are n(%); TT: ramp-incremental treadmill test, CT12: Cooper’s 12-Minute Run/Walk Test.

Figure 1. Bland-Altman plot for the whole group (A1) and the two subgroups: field (B1) and court (C1) athletes. 
Dashed lines are upper and lower agreement limits; the gray line is the mean bias of Cooper’s test estimated VO2max 
(VO2maxCT) compared to the directly measured VO2max from the treadmill test (VO2maxTT). VO2maxCT was 
plotted against VO2maxTT, together with an identity line, for the entire group (A2) and for the subgroups: field (B2) 
and court (C2) athletes.
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Table 4. Epidemiological agreement indices of CT12’s accuracy in detecting good, excellent, and superior 
cardiorespiratory fitness (n = 73).

TT
(CRF = Good)

Accuracy: 63.0% (95% CI 51.5 – 73.2)
Sensitivity: 57.6% (95% CI 44.9 – 69.4)
Specificity: 85.7% (95% CI 60.1 – 96.0)
Positive Predictive Value: 94.4% (95% CI 81.9-98.5)
Negative Predictive Value: 32.4% (95% CI 19.6-48.5)

Yes No Total

n (%) n (%) n

C
T1

2
(C

R
F 

= 
G

oo
d)

Ye
s

n 
(%

) 34
(46.6%)

2
(2.7%) 36

N
o

n 
(%

) 25
(34.2%)

12
(16.4%) 37

To
ta

l

n

59 14 73

TT
(CRF = Excellent)

Accuracy: 64.4% (95% CI 52.9 – 74.4)
Sensitivity: 35.9% (95% CI 22.7 – 51.6)
Specificity: 97.1% (95% CI 85.1 – 99.5)
Positive Predictive Value: 93.3% (95% CI 70.2-98.8)
Negative Predictive Value: 56.9% (95% CI 44.1-68.8)

Yes No Total

N (%) N (%) N

C
T1

2
(C

R
F 

= 
Ex

ce
lle

nt
)

Ye
s

N
 (%

) 14
(19.2%)

1
(1.4%) 15

N
o

N
 (%

) 25
(34.2%)

33
(45.2%) 58

To
ta

l

N

39 34 73

TT
(CRF = Superior)

Total Accuracy: 75.3% (95% CI 64.4 – 83.8)
Sensitivity: 26.1% (95% CI 12.5 – 46.5)
Specificity: 98.0% (95% CI 89.5 – 99.6)
Positive Predictive Value: 85.7% (95% CI 48.7-97.4)
Negative Predictive Value: 74.2% (95% CI 62.6-83.3)

Yes No Total

N (%) N (%) N

C
T1

2
(C

R
F 

= 
Su

pe
ri

or
)

Ye
s

N
 (%

) 6
(8.2%)

1
(1.4%) 7

N
o

N
 (%

) 17
(23.3%)

49
(67.1%) 66

To
ta

l

N

23 50 73

TT: ramp-incremental treadmill test; CT12: Cooper’s 12-Minute Run/Walk Test; CRF: Cardiorespiratory fitness; CI: Confidence 
interval.
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Discussion
Our study aimed to evaluate the validity of VO2max estimates from CT12 and the accuracy 
of CRF level classification using CT12-estimated VO2max. In this study, Cooper’s 12-Minute 
Run Test (CT12) results - VO2maxCT - significantly underestimated the VO2max in collegiate 
athletes compared to the measured VO2max obtained by the gold standard method (VO2maxTT). 
Analysis of field and court athletes separately resulted in similar findings (Table 2 and Figure 1). 
Bland and Altman’s analysis plot showed no proportional bias with wide limits of agreement 
(Figure A1, B1, C1). VO2maxCT’s mean bias was -6.0 mL(kg.min)-1 compared to the VO2maxTT. 
The underestimation trend is evident in Figure A2, which shows a large number of participants 
below the identity line compared to those above it. The same phenomena were observed when 
the analysis was stratified by field and court subgroups (Figure B2, C2). CRF plays a vital role 
in high-level performance in team sports.4,31 Thus, an underestimation of this magnitude may 
affect coaches’ or trainers’ decision-making process on an athlete’s level of fitness and capacity to 
play, since VO2max is associated with the total distance covered during match play in some team 
sports.2–4,8 Likewise, VO2max differed between athletes selected by a professional rugby league and 
those not selected.32 The wide limits of agreement raise more concern than the underestimation, 
because they indicate significant variability in the bias.

When using VO2maxCT to evaluate CRF level, CT12’s underestimation trend can be identified by 
the higher frequency of participants classified as having a very weak and weak CRF, and fewer 
participants classified as having a superior CRF compared to the TT results (Table 3). Regarding 
CT12’s capability to detect a good CRF, we observed low sensitivity (58%) but excellent specificity 
(86%), indicating that CT12 was highly accurate in identifying individuals whose actual CRF 
(VO2maxTT) was classified as good. We also highlight its excellent positive predictive value 
(94%), indicating that athletes who presented good CRF according to CT12 also had good CRF in 
the TT. Similar behavior was seen using higher cut-points, i.e., excellent and superior CRF (Table 
4), and in subgroups (data not shown).

The correlations between VO2maxTT and VO2maxCT (Table 2) can be considered large to very 
large across groups.29,30 Similar values have been reported in young adults, with most studies 
showing correlations of: 0.61,14 0.65,16 0.84,15 0.87,7 0.92.33 However, correlation alone is insufficient 
to assess validity because it reflects the strength of a linear relationship, not whether two methods 
provide similar values.28,34 For method comparison, i.e., an agreement analysis, the between-
method bias and the distribution of individual errors are of greater informational value. The 
practical utility of a test should be evaluated on a clinical or functional basis rather than solely 
through isolated statistical analyses.27,28

In the present study, large correlations coexisted with poor agreement (Figure and Table 2). CT12 
significantly underestimated VO2max, and the limits of agreement indicate that, in 95% of cases, 
CT12 may overestimate the true VO2max up to 7.9 mL(kg. min) -1 or underestimate it by up to 19.8 
mL(kg.min)-1. This level of error warrants caution when CT12 is used to estimate an individual 
collegiate athlete’s VO2max. Other studies have observed similar results, with CT12, on average, 
underestimating VO2max by 11.9 mL(kg.min)-1,16 3.8 mL(kg.min)-1,15 and approximately 2.0 
mL(kg.min)-1, although the latter was not significant (p=0.06).7 To our knowledge, only one study14 
reported an overestimation (0.4 mL[kg.min]-1), but also showed wide limits of agreement (-12.4 
to 11.6 mL(kg.min)-1 partially resulting from a small sample (n=12). Wide limits of agreement 
have also been reported by Kravchychyn et al16 (0.0 to 23.9 mL[kg.min]-1), and Penry et al7 (-10.1 
to 6.5 mL[kg.min]-1). Penry et al7 also reported that CT12 exhibited a proportional bias. Although 
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proportional bias may seem plausible when examining the CG subgroup, when observing 
VO2maxCT as a function of VO2maxTT (Figure A2-C2) it is possible to notice that high and low 
levels of differences (values distant and close to the identity line, respectively) occur at both high 
and low VO2maxTT values. Therefore, no proportional bias seems to be present.

It is unknown which specific factors explain the reported underestimation in CT12. Running 
performance has a strong correlation with the velocity at VO2max and the velocity at the ventilatory 
thresholds. Sometimes, these correlations are more robust than the correlation between running 
performance and VO2max itself1,35. Thus, discrepant CT12 performance in individuals with 
similar VO2max may reflect differences in their velocity at VO2max and ventilatory thresholds, a 
topic beyond the scope of this study. Considering the nature of their sport, it is also possible that 
team-sport athletes would perform better on an intermittent test, such as the Yo-Yo Intermittent 
Recovery Test (YYR)32. However, given that the velocity at VO2max is frequently more strongly 
correlated with performance on such tests than the VO2max itself31, a direct comparison between 
CT12 and YYR is warranted, which is also beyond the scope of our study.

To the best of our knowledge, this is the first study to perform a comprehensive accuracy analysis 
of CT12 for detecting good, excellent, and superior CRF (Cooper’s CRF classification24) in college-
level athletes using epidemiological indices. CT12 showed remarkably high positive predictive 
value, i.e., when someone’s CT12 result was classified as a good or better CRF, it was correct in 
94.4% of the time. CT12 also showed excellent specificity (85-98%). Thus, CT12 was useful for 
correctly detecting low CRF in athletes without good, excellent, or superior CRF. As a practical 
application of these findings, a “positive” result on the CT12 is valuable for coaches and trainers, 
as athletes performing well on the CT12 have very low odds of having a low CRF level. 

Because of the originality of our work, direct comparison with previous CT12 classification studies 
is not possible. However, other authors have investigated different CRF evaluation methods in 
other populations. Sartor et al36 investigated the accuracy of a 45s squat test in detecting good 
and fair CRF (ACSM criteria). The best mathematical models had a sensitivity of 62-64% and 
a specificity of 62-63%. Peterman et al13 investigated 28 non-exercise equations in apparently 
healthy men and women from the Ball State Adult Fitness Longitudinal Lifestyle Study cohort 
and found correct classification rates ranging from 34% to 62% (using the Fitness Registry and the 
Importance of Exercise National Database criteria). In our study, CT12 correctly classified (total 
accuracy) 63-75% of the athletes, depending on the level of fitness used for comparison. Flouris 
et al37 evaluated 70 men using the 20 m shuttle run test to detect low CRF. Using the original 
VO2max equation, the authors observed a significant overestimation of CRF, which resulted in 
very low sensitivity (23%), perfect specificity and positive predictive value (100%), and reasonable 
negative predictive value (69%). VO2max overestimation explains these findings; participants 
with low CRF were classified as having adequate CRF (low sensitivity), but men with adequate 
CRF were always classified correctly (high specificity). Considering adequate CRF as the outcome 
of interest, the test would correctly classify 69% of men. In our study, CT12 accurately detected 
good, excellent, and superior CRF in 86-94% of male and female collegiate athletes.

Despite this usefulness for classification, CT12 should not be used interchangeably with direct 
VO2max measurement.14–16 The underestimation may lead coaches and conditioning specialists to 
prescribe exercise intensity based on a lower VO2max, potentially reducing the training load and 
constraining performance improvements. In practical applications, a training session scheduled 
to be conducted at a vigorous intensity may, in reality, be performed at a moderate intensity. This 
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discrepancy significantly reduces the intended overload and consequently hampers the anticipated 
adaptations associated with high-intensity training sessions. This limitation is not unique to the 
CT12, as other indirect tests also show significant bias,16,17,38 or wide limits of agreement.7,14,39,40 We 
highlight the importance of examining both mean bias and agreement because an indirect test may 
seem adequate when the average bias is near zero; however, it may be overestimating VO2max 
in unfit individuals and underestimating VO2max in very fit individuals.7 A perfect indirect test 
does not exist yet; thus, practitioners should consider reliability,7,12 time, and available resources 
when selecting a test to estimate VO2max. 

According to our findings, CT12 is most useful for evaluating CRF when positive results are 
observed, i.e., when athletes’ estimated VO2max is classified as good, excellent, or superior. In 
such cases, practitioners can be reasonably confident that the athlete does not have a low CRF 
level. A negative test result is less informative because CT12 significantly underestimates VO2max 
and, consequently, CRF. 

Among the limitations of the present study, we highlight the absence of CRF classification criteria 
specific to the sport modality; however, this limitation is mitigated by the similarity of VO2max 
and anthropometric characteristics observed across subgroups and by the absence of an ideal CRF 
classification for every sport modality. The use of “generic” classification criteria in our study 
also facilitates the use of CT12 as a screening tool, since sports-specific criteria are often confined 
to books that are not easily accessible to practitioners. The use of different classification criteria 
would likely yield different results, although we believe CT12 would retain its core characteristic 
of average-to-low sensitivity and high specificity. Caution is also necessary when extrapolating 
our findings to populations that did not participate in this study, such as highly fit college athletes 
in track and field and combat sports. Future research should compare CT12 with other indirect 
tests (e.g., Yo-Yo Intermittent Recovery Test), use different CRF classification criteria, and expand 
the athletic population to include other sports modalities.

Another possible limitation is the athletes’ motivation to perform a maximal CT12. It is possible 
that some athletes did not exert their maximum effort during the CT12, which could have 
contributed to the underestimation relative to the ramp-incremental treadmill test. To minimize 
this possibility, the research team supervised all tests, and athletes were adequately instructed 
to perform to their fullest.7,12 Notably, our findings are similar to previous reports, with the 
vast majority of studies also showing VO2max underestimation by CT12.14–16 Another possible 
limitation is the relatively small sample size for an agreement study, i.e., n<100 individuals. 
However, significant differences were observed in almost all comparisons, making type II error 
unlikely, and estimated confidence intervals in the Bland-Altman plot likely reflect actual test 
variability rather than a small sample size. Studies with athletes rarely are able to have large 
samples, and our sample was relatively large compared to previous studies using smaller groups 
of physically active people: 12,14 15,16 21.7 Lastly, CT12 is known to have elevated reliability; we 
believe it is unlikely that a second performance would significantly change our results.7

In conclusion, Cooper’s 12-Minute Run Test (CT12) significantly underestimates VO2max in 
collegiate team-sport and shows wide limits of agreement, despite the absence of proportional 
bias. Nevertheless, the analytical approach used here supports an evidence-based use of CT12 as a 
screening tool for higher CRF levels in college-level team-sports athletes. A positive CT12  result, 
that is, when an athlete’s CRF is classified as good, excellent, or superior, appears trustworthy 
and may help coaches and trainers in the decision-making process to assess whether an athlete 
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has an adequate fitness level or requires further evaluation. These findings also support those 
who already use the CT12, giving confidence that a good or better CRF level obtained from the 
CT12 is very likely accurate. In contrast, a negative CT12 outcome, i.e., being classified as having 
a low CRF level, is less useful because of the significant underestimation of the CT12, and some 
fit athletes may be misclassified as having low CRF and may require further evaluation using 
other methods. 

Although practitioners recognize these limitations, no indirect test is entirely free of bias. CT12 
can be applied easily to multiple individuals simultaneously, is low-cost, and does not require a 
specialized workforce. Thus, it remains a reasonable alternative for coaches and athletic trainers 
who need an indirect test to evaluate multiple athletes. CT12 may be especially useful when 
direct CRF assessment is unavailable and may also improve the cost-effectiveness of using the 
direct testing by reserving it for athletes whose results are doubtful. 
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